Parasitic infection during pregnancy can affect the course of pregnancy, complicate the foeto-maternal relationship and increase abortion rate. The work was aimed to study the course of E. multilocularis secondary infection and reproductive parameters in infected mice. The Balb/c mice were bred in the exponential phase of the metacestode growth, after infection with two different doses (0.5 ml or 1.25 ml) of metacestode material. In comparison to uninfected control group, the effect of infection on reproductive parameters (natality, size of litters) and the course of disease during pregnancy and after the delivery were monitored. The weight of E. multilocularis larval stages was higher in both fertilised groups in comparison to unfertilised control. The number of deliveries and litter counts were similar in both, infected and uninfected mice. Present study confirmed only minor impact of alveolar echinococcosis on the reproduction of rodents, intermediate hosts of parasite.
Introduction
Echinococcus multilocularis, causative agent of alveolar echinococcosis, serious helminthozoonosis, is small tapeworm with extensive geographic distribution in the Northern Hemisphere. The untreated disease is lethal in 94 -100 % of human patients (Ammann & Eckert, 1996) . Life cycle is predominantly sylvatic, with carnivores, primarily red foxes, as definitive hosts and mammals, especially rodents, as intermediate hosts. In endemic areas, other wild and domestic carnivores, such as wolfs, racoon dogs, dogs and cats (Petavy et al., 2000; Deplazes & Eckert, 2001; Antolová et al., 2009) periurban zones, phenomenon observed in many European cities (Gloor et al., 2001) . In Slovakia, E. multilocularis was for the first time detected in 1999 (Dubinský et al., 1999) . Recent study in red foxes (Vulpes vulpes) have shown 31.1 % overall prevalence of parasite, with the highest prevalence in the northern parts of the country. In some districts an estimated prevalence overreached 60 % . Regional differences and between-year fluctuation of E. multilocularis prevalence in red foxes may be influenced by many circumstances. Besides climatic changes and other ecological factors, population density of intermediate hosts of this cestode seems to be the most important factor. Within the survey conducted between 2000 and 2004, Miterpáková et al. (2006a) observed close correlation between E. multilocularis prevalence in red foxes and abundance of small mammals. In intermediate hosts, low prevalence of alveolar echinococcosis is usually found. Eckert (1997) states low infection rate of E. multilocularis metacestode, ranging between < 1 % and 7 %, in Central Europe. Steiger et al. (2002) found 9.1 % of Arvicola terrestris and 2.4 % of Clethrionomys (Myodes) glareolus to be positive in Switzerland. In the Czech Republic, only one out of 229 (Martínek, et al., 1998) and in the Slovak Republic one out of 452 captured small mammals (Miterpáková et al., 2006b ) was found to be infected with E. multilocularis. On the contrary, Hofer et al. (2000) observed 9 % and 20 % prevalence during two surveys in the city of Zürich and Gottstein et al. (1996) found local hot spot with infection rates in Arvicola terrestris of up to 39 % in Canton of Fribourg in Switzerland. Mentioned findings correlate with the opinion of Gottstein et al. (1996) (Kinčeková et al., 2005; Yang et al., 2005) . In the Slovak Republic, women are infected more often than men, and although older patients dominate, women in fertile age are also affected (Kinčeková et al., 2008) . Therefore, the question of influence of alveolar echinococcosis on pregnancy is of great impact. An infection of any etiology can impair the course of gravidity, affect the foetus and consequently cause the abortion (Pavlinová et al., 2011) . Despite of well researched E. multilocularis infection, there is a lack of knowledge about the impact of parasitic infection on pregnancy, therefore the work was aimed to study the course of E. multilocularis secondary infection in pregnant mice and, on the other hand, the influence of infection on reproductive parameters of mice.
Material and methods
Biological material E. multilocularis metacestode (T1/85 strain, kindly provided by prof. Dr. H. Auer, Clinical Institute of Hygiene and Medical Microbiology, Medical University of Vienna, Austria) was maintained at the Institute of Parasitology SAS by intraperitoneal passage through Mongolian gerbils (Meriones unguiculatus). Metacetode material was isolated from intraperitoneally infected mice 4 months post infection (p.i.). Metacetode tissues were minced with scissors in sterile PBS supplemented with antibiotics (100 U/ml penicillin and 100 µg/ml streptomycin [Sigma-Aldrich, Germany]) and passed through sterile sieve into the sterile Petri dish containing 5 ml of PBS. Then, the solution with metacestode material was put into a sterile tube and after 5 minutes of sedimentation the sediment was intraperitoneally inoculated to experimental mice.
Experimental design
The experiment was carried out on inbred females Balb/c mice (n = 280), 2 months old, weighing 25 -30 g. Mice were kept under a 12 h light/dark regime at room temperature (21 ± 3 °C) and 50 -60 % humidity on commercial diet and water. Experiments were performed in accordance with national guidelines of the Slovak Republic and experimental protocol was approved by the Institute of Parasitology Animal Care Committee. Animals were randomly divided into 5 groups (60 animals per Group 1 -4, 40 mice per Group 5). To compare the effect of different infection doses, two groups (1 and 2) were infected intraperitoneally with 0.5 ml of homogenised metacestode material and two groups (3 and 4) with 1.25 ml of the same metacestode material, respectively. Mice in Groups 1 and 3 were fertilised on day 60 post infection (p.i.), while Groups 2 and 4 remained unfertilised. Group 5 (control group) was uninfected and fertilised on the same day as mice in Groups 1 and 3. In infected and uninfected animals, the number of deliveries and the number of offspring were recorded. To control the effect of fertilisation in animals examined before the delivery, the number of foetuses was counted during postmortem examination and sampling of cysts. The weight of metacestode tissues was monitored in both fertilised and unfertilised mice on following days post infection (dpi): 28, 42, 56, 63, 70, 77, 84, 98, 112, 126, 140 and 170 (5 mice per sampling day).
Statistical evaluation
Statistical differences were assessed using One Way ANOVA, followed by post hoc Tukey's test (P level indicated in text), which allowed comparison between experimental groups. Chi-square test was used to evaluate the differences in the number of mice that did not give birth. The analyses were performed using the Statistica 6.0 (Stat Soft, Tulsa, USA).
Results

Effect of pregnancy and delivery on metacestode growth
Weight of larval stages in animals infected with higher infective dose was higher then in those infected with lower dose (P > 0.05). The course of metacestode growth was similar in both, fertilised and unfertilised animals. After day 77 p.i. the metacestode in fertilised mice started to grow more intensively. Similar trend was observed until the end of experiment and the established differences were not of statistical significance (Fig. 1) . 
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Influence of E. multilocularis infection on reproduction
The number of deliveries in infected mice (Groups 1 and 3) and in Group 5 (uninfected control) was evaluated. Out of 45 animals examined during or after the pregnancy in Group 1 five (11.1 %) mice did not gave birth, 8 (17.7 %) animals from Group 3 and four (10.0 %) out of 40 uninfected mice (Group 5) did not deliver. The differences in the number of deliveries in infected and uninfected animals were not statistically significant (P > 0.05).
The differences in the counts of litter were also non-significant (P > 0.05); both, healthy and infected mothers produced on average 6 -7 offspring, ranging from 2 to 14 progenies per litter (Tab. 1).
In animals dissected in the course of pregnancy, no pathologic changes were observed on reproductive apparatus.
Discussion
Parasitic infection during pregnancy represents a stress factor that can affect the course of pregnancy, complicate foeto-maternal relationship and cause the abortion (Reiterová et al., 2003) . E. multilocularis induces generalized immunosuppression of the host organism (Dvorožňáková et al., 2008; , what could influence the course of gravidity in infected mice. On the other hand, the immunological changes during pregnancy may affect the course of parasitic infection (Nuñez et al., 2002) . Although infection caused severe damage of liver and the metacestode weight in some mice reached a third of their body weight, the most of infected animal completed their pregnancy successfully, delivering healthy litter. Similar phenomenon we observed also in Mongolian gerbils (unpublished data). In the study, higher infection dose caused abortions more frequently (17.7 %) than the lower one (11.1 %), but when comparing with uninfected fertilised mice (10 % abortions), we can conclude that the number of parturitions was influenced only to a small extend. The number of progenies was also similar in infected and uninfected mothers. Despite relatively small impact of infection on reproductive parameters, the course of the disease seems to be more serious in mice after the delivery, in which metacestode weight was higher than in unfertilised control. Similarly, in pregnant women with alveolar echinococcosis unusual increase of lesion size has been observed (Yang et al., 2005; Vuitton et al., 2006) . (Antolová et al., 2004) . This phenomenon leads to constant re-infection of foxes and, consequently, to more rodents being infected within the home-range of infected foxes. It is also possible that infected intermediate hosts are more exposed to predation because the growing metacestode destroys their liver tissue, reducing their mobility (Hansen et al., 2004) . In case of similar course of disease and pregnancy in outbred mice and wild rodents we can suppose that increased weight of metacestode tissues in pregnant animals reduces their mobility and facilitates their catch by predators, contributing to permanent reinfection of definitive host, especially in hyperendemic localities. Moreover, such localities pose higher risk of exposure to E. multilocularis infection for humans. Rodents can transmit infectious agent also to domestic carnivores, facilitating transmission of the disease to man (Hildebrand et al., 2009) . Therefore, preventive measures, for example anthelmintic bait distribution that decreases E. multilocularis prevalence in definitive hosts (Antolová et al., 2006; Romig et al., 2007) , should be applied to reduce infection pressure on men in hyperendemic areas. 
